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Abstract. Samples  of  lavender,  rosemary  and  laurel  essential  oils 
obtained from plants cultivated in Mexico were analysed by GC-MS 
using  a  non  polar  capillary  column.  Characterisation  of  individual 
components  was  performed  using  a  commercial  mass  spectrometry 
library, and 53 components were identified. The analysis of bioactive 
compounds  highlighted  a  5  and  2-fold  increased  quantity  of  potent 
antibacterial  1,8-cineole  (46.5%)  and  camphor  (12.3%)  in  lavandin 
“provence”, compared to the French cultivars. It also showed a 3- and 
2-fold  increase  in  camphor  and  linalool  concentration  in  rosemary 
and  laurel  compared  to  the  average  level,  making  them  promising 
alternatives  for  medicinal  treatment.  Strains  of  Gram-positive  and 
Gram-negative bacteria were analyzed for their susceptibility to these 










de  los  compuestos  individuales  se  realizó  utilizando  una  bibliote-
ca  comercial  para  espectrometría de masa y  fueron  identificados 53 
compuestos.  Este  análisis  demostró  un  incremento  de  5  y  2  veces 
de los compuestos bioactivos 1,8-cineol (46.5%) y alcanfor (12.3%), 
respectivamente,  en  la  lavanda  “provence”  comparada  con  cultivos 
franceses.  Además,  se  observó  un  incremento  de  3  y  2  veces  en 
la  concentración  de  alcanfor  y  linalool,  respectivamente,  en  rome-







que  recientemente  se  ha  incorporado  a  la  farmacopea  mexicana  en 
contra de Mycobacterium smegmatis (Mc Rv 3782 PW2).





tory  properties  of  essential  oils  (EOs).  1,8-cineole,  cis-  and 
trans-β-ocimene, terpinen-4-ol, camphor, linalool and linalyl 
acetate  are  part  of  those  forty  to  fifty  bioactive  molecules 
that  can usually be  identified by gas  chromatography – mass 
spectrometry  analysis  (GC-MS)  in  EOs.  The  proportion  of 
these compounds usually determines  the quality of EOs used 
as  perfumery  standards  (high  content  of  linalool  and  linalyl 
acetate  combined  with  trace  amount  of  camphor)  or  as  me-
dicinal  standards  (high  contents  of  bioactive  monoterpenes) 
[1-7].
The composition of essential oils depends on several fac-
tors  such  as  plant  genotype,  the  developmental  stage  of  the 
plant  and  the  environmental  factors  [8].  Lavandula x inter-
media  (Lavandin)  is  characterized  by  a  high  1,8-cineole  and 
camphor content, which denotes a low quality of oil according 
to perfumery standards, but  is of  interesting value as medici-
nal  oil. Lavandin EOs  are  readily  available  in many  areas of 
the  world  and  particularly  in  the  region  of  Dolores  Hidalgo 
(Guanajuato),  where  the  results  of  this  investigation  will  be 
applied.  Therefore,  the  aim  of  this  investigation was  to  ana-
lyze the chemical composition and major bioactive compounds 













Chemical characterisation - The  result  of  the  analysis  of 
the  major  bioactive  components  of  Lavandula x intermedia 
“grosso”  and  “provence”,  natural  hybrids  of  L. angustofolia 
and L. latifolia,  laurel  and  rosemary  cultivated  in Mexico  is 
presented  in  table  1  and  their  chromatographs  can  be  found 
in supplementary information (chromatographs 1a to 1e). The 
qualitative characterisations were performed using GC-MS and 
53  components  in  the  samples  were  characterized,  including 
1,8-cineole, cis- and trans-β-ocimene, terpinen-4-ol, camphor, 
borneol, linalool and linalyl acetate.
These data were compared to values obtained for the same 
species cultivated  in different parts of  the world  [11, 12] and 
the most  recent  international  reference  ISO  published  on  the 
area (ISO 8902-2007) [13]. The remarkable effect of the geo-







one  report on  the GC-MS analysis of  lavandin “provence”  in 












cineole  and  a  2-fold  higher  level  of  camphor  compared with 
published  data.  Moreover,  it  was  observed  that  the  1,8-cin-
eole content between  the Lavandula x intermedia “provence” 
and “grosso” was drastically different, 46.52% and 7.49% re-
spectively  (table  1). The  analysis  of  rosemary EOs  exhibited 




Antibacterial activities - EOs have found medicinal applica-





tive  (E. coli  BL21 DE3).  Both  bacteria  exhibited  significant 













inhibition. The methanolic  laurel  solution better  inhibited  the 
Table 1.  Relative  concentration  of major monoterpenes  obtained  by GC-MS  (%)  essential  oils  from  plant  cultivated  in Mexico.  n.d.:  none 
detected.








1 Tricyclene 10.85 919 92431 0.1 0.1 0.0 0.2 0.0
3 α-Pinene 11.37 931 93631 3.8 2.5 0.6 11.7 4.3
6 β-Pinene 13.19 973 97831 6.3 3.4 0.5 4.0 2.8
14 Limonene 15.43 1027 103031 1.5 0.9 0.8 7.0 3.2
15 Eucalyptol (1,8-cineole) 15.6 1031 103131 46.5 43.2 7.5 12.7 40.8
16 (Z)-β-Ocimene 15.93 1039 103731 0.6 0.2 0.6 0.8 0.1
17 (E)-β-Ocimene 16.33 1049 104831 0.2 0.2 0.4 0.2 0.0
23 Linalool 18.54 1104 109831 7.8 11.7 32.1 0.9 19.2
29 Camphor 20.03 1143 114431 12.3 12.7 7.1 18.8 n.d.
31 Borneol 20.84 1165 116531 0.6 1.1 3.5 2.1 0.1
34 Terpinen-4-ol 21.28 1176 117831 1.0 0.8 3.2 0.9 3.6
43 Linalyl acetate 24.25 1259 125732 0.1 2.0 22.7 n.d. n.d.
53 total 95.19 92.51 92.80 92.58 88.71




The  inhibitory  capacity  of  crude  lavender  EOs  towards 
gram-negative  E. coli  BL21  DE3  was  affected  by  the  plant 






and camphor. Finally,  to our current knowledge,  this was  the 




tent of bioactive  compounds:  linalool,  linalyl  acetate,  cineole 
and camphor, making them promising alternatives for medici-
nal treatments. The results of lavender EOs inhibition activity 









Chemical and reagents - Lavender and rosemary essential oils 
were diluted  in  ethanol  (1:100)  and  laurel  essential oils were 
diluted  in  ethanol  (1:250)  for  GC-MS  analysis.  Ethanol  and 
methanol of HPLC grade were used for dilution, chromatogra-
phy and antibacterial analysis.
Essential oils - The  following  lavender,  rosemary  and  lau-
rel  oils,  a  gift  the Azul Lavanda,  S.P.R.  in Dolores Hidalgo, 
Mexico, were used in this study: Provence (Lavandula x inter-
media, blue lavandin), Grosso (Lavandula x intermedia, purple 











GC-MS analysis - Gas  Chromatographic  analysis  were  car-
ried out  on  an Agilent  6890N  system  (Agilent Technologies, 
U.S.A.),  equipped with Chemstation  software  and coupled  to 
a mass  spectrometer  detector  (Agilent  5975B). An  analytical 
HP-5MS  column  (30 m ×  0.25 mm  I.D.  ×  5  µm  film  thick-
ness) from Agilent Technologies was used for chromatographic 
separation. GC-MS spectra were obtained using the following 
conditions:  the  vector  gas  was  helium  at  a  constant  flow  of 
1  mL/min,  the  injection  was  made  in  split  mode  (10:1),  the 
injection  volume was  1 µL  and  the  injector  temperature was 
260 °C. The oven temperature program was: 40 °C for 5 min, 
then  increased at 4 °C/min  to 200 °C over 5 min and  then at 
20 °C/min to 280 °C for 1 min. The ionisation mode was elec-
tronic impact at 70eV in positive mode and the signal acquisi-
tion was  the scan mode  from 40  to 400. The MS source was 
at 230 °C and the MS quad at 150 °C. GC-MS data were pro-
cessed using AMDIS (Automatic mass spectral deconvolution 
and  identification  system,  provided  by  US National  Institute 
of  Standards  and  Technology,  Gaithesburg, MD, USA).  The 
chromatographs  can  be  found  in  supplementary  information 
(chromatograph 1a to 1e).
Identification of essential oil components - Essential oil com-










(Mycobacterium smegmatis) (Escherichia coli)
100% pure 5% Methanol 5% Ethanol 100% pure 5% Methanol 5% Ethanol




15.6 17.0 11.5 13.1 14.2 13.1




14.8 12.1 12.3 12.3 13.0 13.9




17.2 11.5 11.5 11.4 10.8 19.2






Antibacterial analysis - 5  mL  of  Lysogeny  Broth  medium 
supplemented with 50 μg/mL kanamycine were inoculated with 
20 μL Escherichia coli (BL21 DE3, Gram negative) or 20 μL 
Mycobacterium smegmatis (Mc Rv 3782 PW2, Gram positive), 
and incubated overnight at 37 °C, 160 rpm. 200 μL of these 
cultures  were  spread  over  solidified  LB  medium  containing 
kanamycine (50 μg/mL), using a sterile rod in order to get 
a  uniform  microbial  growth  on  both  control  and  test  plates. 
After inoculums absorption by agar, sterile discs of Whatman 
No. 6 paper (4 mm diameter) previously cleaned with ethanol, 




of  the  agar.  The  Petri  dishes  were  left  at  room  temperature 
for 5 min before incubation to ensure a good diffusion of  the 
distilled product  in  the  agar. Cultures were  then  incubated  at 
37 °C overnight. The activity of essential oils was considered 
to be positive when  inhibitory  action of  the bacteria was ob-
served  and  negative  when  it  was  not.  After  the  incubation 
period,  the  diameters  of  the  inhibition  zones  were measured 
in millimetres.
Supplementary data
Chromatographs 1a  to 1e  can be  found  in  the  supplementary 
data as well as the anti-bacteria tests.
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